Effects of mafic alkaline metasomatism have been interpreted by study of East Serbian (SE Europe) mantle xenoliths and petrogenesis of their host alkaline rocks. Fertile xenoliths (addition of >10 %vol. of metasomatic clinopyroxene) and tiny assemblages found in depleted xenoliths are distinguished. The fertile lithology contains Ti-Al-Cr-rich clinopyroxene, Fe-rich olivine, Fe-Al-rich orthopyroxene and Al-rich spinel. The composition of this lithology is modeled by addition of 5-20 wt% of a basanitic-like melt to a refractory mantle. The small-scale assemblages occur as pocket-like, symplectitic or irregular deformation-assisted accumulations of metasomatic phases, generally composed of Ti-Al-and incompatible elements-rich Cr-diopside, Cr-Fe-Ti-rich spinel, altered glass, olivine, apatite, ilmenite, carbonate and feldspar, as well as relicts of a high-TiO2 (~11 wt%) phlogopite. Textural relationships imply the following reaction: opx + Cr-rich sp ±phlogopite + Si-poor alkaline melt = Ti-Al-cpx + Ti-rich sp ± ol ± other minor phases. The inversion modeling, performed on least contaminated and most isotopically uniform host basanites, implies a source which is enriched in highly and moderately incompatible elements (~35-40xchondrite for U-Th-Nb-Ta, 2xchondrite for heavy rare earth elements) suggesting that the primary magma of the host basanites was not derived by melting of a homogeneous asthenospheric source. D0 values of the calculated basanitic source are similar to D0 values of anhydrous metasomatized mantle with small additions of metasomatic clinopyroxene and carbonate (~5 %) and with traces of ilmenite (~1 %) and apatite (~0.05 %). A schematic two-phase model involves percolation of CO2-and H2O-rich fluids, precipitation of metasomatic hydrous minerals and their subsequent breakdown due to the further uplift of hot asthenospheric mantle. This model uses a general idea of linking intraplate alkaline magmatism to lithospheric mantle sources enriched by sub-lithospheric melts at some time in the past. Mantle metasomatism is generally believed to be responsible for small-scale heterogeneities within the lithosphere (Dawson 1984; Harte 1984 Harte , 1987 Menzies et al. 1987) . Evidence from the study of mantle xenoliths entrained in alkali basalts proved to be particularly important for understanding the origin of such heterogeneities. Studies have shown that the major metasomatic agents are: (i) carbonatitic melts (Baker et al. 1998; Yaxley et al. 1998; Gorring & Kay 2000; Wang & Gasparik 2001), (ii) silicate melts (Menzies et al. 1987; Vannucci et al. 1998; Zangana et al. 1999; Gregoire et al. 2000; Kepezhinskas et al. 1995 Kepezhinskas et al. , 1996 Schiano et al. 2002) and (iii) fluids (O'Reilly & Griffin 1988; Baker et al. 1998; Gorring & Kay 2000; Larsen et al. 2003) , the latter two having a wide range of compositions. All these agents produce different metasomatic styles recognized by changes in primary mantle mineralogy and specific enrichments in trace element composition. It is widely accepted that mafic alkaline metasomatism is produced by infiltration of small amounts of alkaline melts genetically related to the host alkaline magmas (e.g. Dawson 2002). These metasomatic agents dissolve primary orthopyroxene (±spinel) and precipitate secondary clinopyroxene and spinel, along with other minor phases such as apatite, ilmenite or carbonate. The metasomatic phases are sometimes found filling veinlets and patchy accumulations within depleted xenoliths. In addition, the same xenolith suites commonly contain granular clinopyroxene-rich lherzolite or wehrlite xenoliths, interpreted as products of similar melt-rock interactions (e.g. Carpenter et al. 2002) . A detailed understanding of the effects of mafic alkaline metasomatism is usually difficult to achieve because of the following problems: (i) primary metasomatic products and textural relationships may often be destroyed or/and superimposed with those resulting from interaction with the host magma during magma ascent or immediately before eruption (e.g. Klügel 1998), and (ii) compositional changes caused by carbonatitic melts/fluids usually occur roughly concomitantly with silicate metasomatism, producing an overlap in geochemical effects (Neumann et al. 2002; Rivalenti et al. 2004) . In this context, the information provided by a careful study of textural relationships and mineral compositional variations within the presumed metasomatic associations is essential. Recognition of secondary associations which texturally and compositionally appear to be unrelated to the host magma are very important for proving that these metasomatic associations genuinely originate in the mantle. Additionally, significant information about alkali silicate metasomatism can be potentially provided from the study of the host rocks. It is generally accepted that alkaline rocks which host mantle xenoliths, although having a strong asthenospheric signature, usually require a metasomatic component believed to reside in the lithosphere (e.g. Wilson & Downes 2006, and references therein). Because these rocks are fairly homogeneous isotopically, it is beleived that this metasomatism occurred shortly before the eruption and xenolith capture. It is, therefore, logical to suppose that these lithospheric domains, which are believed to have played role in petrogenesis of host alkaline rocks, may be compositionally (and texturally?) similar to metasomatic associations found in xenoliths. In this paper we revisit the problem of mafic alkaline metasomatic effects in mantle xenoliths from East Serbia. A larger xenolith sample collection has been studied for mineral major (EPMA) and trace element (laser ablation-inductively coupled plasma-mass spectrometer -LA-ICP-MS) compositions and the new data are discussed together with some previously published results (Cvetković et al. 2004 b). We present new textural and mineral chemistry evidence which provides better insight into these metasomatic events. In addition, we report a new set of whole rock ICP-MS trace element data on host basanites and perform the quantitative inversion modeling in order to infer the mineralogy of their magmatic source. These results were used to compare the inferred mantle source with the metasomatic associations observed in the studied xenoliths. Consequently, we offer a model in which mafic alkaline metasomatic associations, similar to those observed in the studied xenoliths, plays an important role in the petrogenesis of the host rocks.
Petrography and mineral chemistry of metasomatized xenoliths
Here we present characteristics of the mantle lithologies that appear to be related to enrichment by mafic silicate alkaline melts and describe newly observed textural relationships. For more general information on the xenolith petrography the reader is referred to Cvetković et al. (2004 b) . The metasomatic lithologies are recognized as fertile xenoliths (addition of >10 vol% metasomatic clinopyroxene) and also as tiny metasomatic assemblages situated within depleted xenoliths (addition of <<5 vol% metasomatic clinopyroxene). Clinopyroxene (±olivine) megacrysts and Fe-rich dunite xenoliths are also present but they are not addressed here, except for comparison. Cvetković et al. (2004 b) demonstrated that these represent deep-seated magmatic cumulates. The fertile xenoliths are represented by undeformed and protogranular clinopyroxene182 rich lherzolite and spinel-rich olivine websterite xenoliths. The lherzolites have the highest modal contents of green clinopyroxene (>20 vol%) in the ESLM xenolith suite. The clinopyroxenes show a spongy texture (Figure 1a) , suggesting incipient melting. Similar textures are found in many xenolith suites and are especially frequent in wehrlite xenoliths (Yaxley et al. 1991; Xu et al. 1996; Weichert et al. 1997; Carpenter et al. 2002, etc.) . The olivine websterite xenoliths are predominantly composed of tabular and undeformed orthopyroxene, smaller and less abundant olivine, and interstitial spongy greenish clinopyroxene. Spinel is particularly abundant (>2 vol%) and always appears as coarse190 grained accumulations associated with clinopyroxene ( Figure 1b) . The clinopyroxene-rich lherzolite and spinel-rich websterite xenoliths are very similar in terms of mineral chemistry (Cvetković et al. 2004 b) . They both contain high-Ti-Al-Cr clinopyroxene (~1 wt% TiO2, 5-7 wt% Al2O3, 1-1.5 wt% Cr2O3), Fe-rich olivine (Mg# <88), Fe-and Al-rich orthopyroxene (Mg#~88, Al2O3 up to 6 wt%) and Al-rich spinel (Cr#=0.14-0.4). In depleted peridotite xenoliths, secondary patchy and pocket-like mineral accumulations are also very common. They are composed of euhedral/subhedral clinopyroxene, xenomorphic spinel and altered glass, but substantial amounts of olivine, apatite, ilmenite, carbonate and feldspar are often present. Relicts of a high-TiO2 (~11 wt%) phlogopite were found in one harzburgite xenolith (Cvetković et al. 2004 b) . Textural evidence of orthopyroxene dissolution and formation of clinopyroxene selvages (Figure 1c) , precipitation of new spinel (Figure 1d, e) , and spinel dissolution and overgrowths is present ( Figure 1e , analyses 12-14 in Table 2 ). The spinel owegrowths are remarkably similar to those found in xenoliths from northern Tanzania (Dawson 2002 , Fig.3, p. 1755 , which are interpreted as the result of Fe-Ti silicate melt metasomatism. In some pockets clinopyroxene occurs as fairly euhedral phenocryst-like crystals associated with tiny spinel and completely enclosed by carbonate (Figure 1f ). Euhedral terminations of crystal faces suggest that clinopyroxene crystallized in an open space. Generally, clinopyroxene in all these metasomatic assemblages is Ti-Al-rich Cr210 diopside (Table 2a, [1] [2] [3] [4] [5] [6] [7] [8] [9] . Cr-spinels show variable composition but have generally higher Cr# and Fe and Ti contents (Table 2b , 1-7) in comparison to discrete primary spinel grains. Carbonate is Mg-bearing calcite with 1-3 wt% MgO. Apatite has low totals (<96.5 wt%), suggesting that substantial amounts of halogens may be present. Ilmenite has high MgO contents (~8 wt%). Feldspars vary from Ca-rich plagioclase to Na-rich K-feldspar, compositionally similar to feldspars found in other mantle xenoliths (e.g. Delpech et al. 2004) .
Apart of such accumulations, dominated by freely crystallized euhedral clinopyroxene crystals, there is evidence of metasomatic reactions that were probably assisted by deformation. These assemblages were observed only in rare, slightly deformed xenoliths. Secondary minerals occupy the space between partially disrupted and re-arranged spinel grains and surrounding silicates. Figure 2a shows a sheared zone in a harzburgite xenolith containing spinel aggregates composed of scattered irregular grains, which sometimes display a jigsaw-puzzle texture (Figure 2b ,e). Back-scattered electron (BSE) images show that the spinel has spongy rims that suggest melting and resorption (Figure 2c,d ). An assemblage of clinopyroxene and olivine neoblasts, orthopyroxene relicts, and a non-stoichiometric mixture of phyllosilicates (Table 2d , analysis 5) is found adjacent to the spinel rims ( Figure 2d ). Similar spinel decomposition is found in metasomatized Yitong xenoliths (Xu et al. 1996; Fig. 3a, p. 409) . Clinopyroxene in these associations is Al-Ti-rich and cannot be distinguished from that in the above-described patchy pockets. This is a very important observation implying that infiltration of a melt of similar composition, and not the host-melt-xenolith interaction is responsible for the origin of both secondary assemblages. A particular textural type we believe belongs to the microscopic metasomatic assemblages (see discussion below) is seen in clinopyroxene-spinel-olivine symplectites. These were found only in two Mg-rich dunite xenoliths and occur in two textural forms. Lenticular or nest-like symplectites are around 1-2 mm in length and ~1 mm wide and texturally resemble the above-mentioned metasomatic patches (Figure 3a) . They consist of fine-grained intergrowths of clinopyroxene, olivine and spinel in modal proportions of roughly 3:2:1. In a two-dimension profile (Figure 3a) clinopyroxene forms the basis of the symplectite aggregate, while olivine and spinel display a variety of shapes: rod-like, cylindrical, semi-circular, vermicular, etc. The other textural forms are intergrowths that do not show the well-confined outer forms seen in the lenticular symplectites. They rather appear as aggregates of tiny vermicular spinels in association with coarser olivine and clinopyroxene ( Figure 3b ). Olivine from symplectites and intergrowths has generally the same composition (~Fo90) as adjacent olivine crystals unrelated to symplectitic forms. They are slightly less magnesian in comparison to olivine in depleted xenoliths. Spinel in the symplectite is slightly richer in FeO, TiO2 and Al2O3 in comparison to discrete spinel grains from the same xenolith and differs from secondary spinels from pocket accumulations in having lower Cr#s (Table  2b, [8] [9] [10] [11] . Clinopyroxene from symplectite shows high Al2O3 (4.5-7 wt%), Na2O (0.7-1.1 wt%), along with irregular but high TiO2 (0.2-1.1 wt%) and Cr2O3 (0.9-3.6 wt%) contents (Table 2a, [10] [11] [12] [13] [14] and is generally similar in composition to clinopyroxene from metasomatic pockets (see below).
Metasomatized xenoliths -LA-ICP-MS data
Olivine from an Fe-rich dunite (Table 3a , sample SB-M-1) is richer in Li (>2 ppm), Ca (~1500 ppm), Sc (>5.5 ppm), Ti (~50 ppm), Mn (~1500 ppm) and Cr (~300 ppm) and poorer in Ni (~2600 ppm) than olivine from the symplectite-bearing Mg-rich dunite (SB-M-3) (Li<1.5 ppm, Ca ~1000 ppm, Sc >5.5 ppm, Ti<10 ppm, Mn ~1200 ppm, Cr ~150 ppm, Ni ~3500 ppm ). Olivines from harzburgite xenoliths (SB-M-4 and SB-M-5) have the lowest contents of all measurable elements (e.g. Li<2 ppm, Ca~750 ppm, Sc<4.5 ppm, Ti<5 ppm, Mn~1000 ppm and Cr~ppm) coupled with the highest Ni contents (>3700 ppm). Given that all these elements except Ni behaves incompatibly in olivine in terrestrial olivine-melt systems (e.g. Karner et al. 2003) , it can be concluded that the olivine from the symplectite264 bearing dunite is less enriched than olivine from the Fe-rich dunite but comparatively more enriched than olivine from depleted xenoliths. This suggests that the olivine from symplectite266 bearing dunite most probably underwent cryptic metasomatic enrichment. Multi-element patterns of the studied clinopyroxenes are illustrated in Figure 4 . Euhedral clinopyroxene from pocket accumulations displays the highest contents of all trace elements and has the most LREE-enriched pattern ([La/Lu]N~8). On the primitive mantle270 normalized diagram it shows a steady decrease of concentrations from the most incompatible towards the less incompatible elements. The exceptions are Rb and Ba that have an order of magnitude lower normalized concentrations than adjacent Th. Clinopyroxene from clinopyroxene-spinel-olivine symplectites displays a flat REE pattern ([La/Yb]N~1) with a slight increase of concentrations from Gd to Lu. Mantle-normalized values of the highly incompatible elements are low with the exceptions of positive spikes at U, Pb and Sr. Discrete interstitial clinopyroxene from the same dunite sample has a roughly similar pattern as does the symplectitite clinopyroxene. However, the former has slightly lower concentrations of LREE and lacks positive anomalies at U and Pb. For comparison, trace element patterns of residual clinopyroxenes from harzburgite xenoliths are also shown. They exhibit a moderately LREE-enriched ([La/Lu]N=3.5-10) pattern with low concentrations of HREE (e.g. Yb = 1.4-2.2xchondrite) and a pronounced peak at Sr.
Petrochemistry of the host volcanics
In the modeling only the Sokobanja mantle xenolith-bearing rocks were used. The rock samples of other locality where xenoliths were found (Striževac) are more heterogeneous, some having increased K2O contents of up to 1.66 wt% and they were omitted. The chemical analyses of Sokobanja mantle xenolith-bearing mafic alkaline rocks are given in table 4. All samples are olivine (Fo76-86) ±clinopyroxene (Mg# 75-85) phyric with groundmass consisted of clinopyroxene (Mg#>70), nepheline, plagioclase feldspar (An~60) and Ti-bearing magnetite (TiO2~15 % wt.). They have high Mg# (~70) and high concentrations of incompatible elements (Ni mostly > 200 ppm and Cr > 450 ppm). On the whole-rock MgO vs Fe2O3 correlation diagram ( Figure 5 ) they plot close to the equilibrium line of primitive mantle melts with no evidence of fractionation. Five samples show effects of small olivine accumulation (<6-7 %wt.) which could have negligible effects on trace element concentrations used in modeling (<<<1 % relative). The samples show low Sr (~0.7031) and high Nd (~0.5129) initial isotope ratios (Jovanović et al. 2001) and that indicates that they represent fairly uncontaminated magmas. Therefore, no correction of low pressure processes was necessary.
Discussion

Different styles of mantle modification
Characteristics of East Serbian xenoliths indicate that modifications of the lithospheric mantle generally occurred (i) by direct crystallization of alkaline magmas and (ii) by various melt-peridotite reactions. The latter process is the focus of this study. Direct crystallisation was responsible for formation of clinopyroxene/olivine megacrysts and high-Fe dunite xenoliths as suggested by Cvetković et al. (2004 b) . They reported similarities between megacryst clinopyroxene from the ESLM and clinopyroxene megacrysts from alkaline basalts of the Pannonian Basin (Dobosi & Jenner 1999; Dobosi et al. 2003) . Similar xenoliths/xenocrysts are commonly found in alkaline basalts worldwide (Aoki & Kushiro 1968; Irving 1974; Wilshire & Shervais 1975; Dal Negro et al. 1989; Righter & Carmichael 1993; Shaw & Eyzaguirre 2000; Brizi et al. 2003, among others) and in most cases interpreted in terms of deep-seated cumulates. On the other hand, the formation of the enriched assemblages described above requires a mechanism other than direct magmatic crystallization. In the discussion that follows we present evidence that both fertile xenoliths and microscopic metasomatic assemblages originated due to various melt-wallrock reactions. Origin of fertile xenoliths: high melt/peridotite ratio reactions Cpx-rich lherzolite and olivine websterite xenoliths show similar textures as depleted xenoliths but their modal composition and mineral chemistry are much too fertile to represent fragments of residual mantle. Their clinopyroxene exhibits generally similar trace element patterns as the clinopyroxene megacrysts (Cvetković et al. 2004 b) , suggesting that they are also related to alkaline magmas. However, it is unlikely that these pyroxene-rich lithologies formed by direct magmatic crystallization as suggested above for the megacrysts, because they contain orthopyroxene, a phase that is not on the liquidus in Si-undersaturated magmas (Ghiorso & Carmichael 1987) . The possibility that they represent mixtures of residual mantle peridotites and crystal cumulates from mafic alkaline magmas is also unlikely. Their orthopyroxene is too rich in Al and Ca to be accounted for by simple addition of Fe-rich olivine and clinopyroxene to a harzburgite. By contrast, the compositional trends can be explained by melt-rock interactions. Figure 6 illustrates compositional changes of the depleted mantle due to addition of a basanitic melt. We recalculated bulk composition of the xenoliths using their modal analyses and chemistry of present minerals. The residual mantle is represented by average harzburgite and lherzolite of this xenolith suite. The average major element analysis of the host basanites was used as a proxy for the composition of mafic alkaline metasomatic melts. Accordingly, the calculated bulk Al2O3, CaO and TiO2 contents of the fertile xenoliths can be obtained by addition of 5-20 wt% of a basanitic melt to a refractory mantle. Figure 6 also shows that addition of pure cumulitic material (80 % clinopyroxene and 20 % olivine) cannot produce a decrease in bulk CaO/Al2O3 ratio of the residual mantle lithology. This suggests that the fertile xenolith lithology could have originated by refertilization of residual mantle regions by relatively Fe-rich alkaline basaltic melts. Similar compositional and textural changes in mantle peridotites are generally believed to be confined to the wall347 rocks along magmatic conduits, i.e. in the area of high melt/wall-rock ratio (Kempton 1987) . Xu et al. (1996) report a linear change in composition from lherzolite to orthopyroxene349 bearing wehrlite and finally to orthopyroxene-free wehrlite and interpret this as resulting from advancing melt-peridotite reactions. Such a scenario proposes an infiltration of melts and their subsequent equilibration with the surrounding peridotite. Moreover, it also suggests that, along with precipitation of new secondary Ti-Al clinopyroxene, the already existing mantle minerals underwent detectable changes in composition, e.g. a decrease of Mg# in olivine and orthopyroxene and an increase of Al2O3 and CaO in orthopyroxene and Al2O3 in spinel. Such metasomatic changes require time and provide evidence that the reactions occurred in situ in the mantle rather than due to direct contact with the host magma. The occurrence of spongy clinopyroxene also argues against the second possibility. It is obvious that the spongy textures formed by a later thermal event, probably during entrapment of the xenoliths. Frozen textures: patchy-pocket-like, deformation-assisted and symplectitic assemblages Many authors (e.g. Yaxley et al. 1998; Coltorti et al., 1999, among others) argued that the pocket-like and vein assemblages found in mantle xenoliths originated in situ in the lithosphere. Following their arguments it can be emphasized that the secondary assemblages found in ESLM xenoliths are different from the phase associations found in host-related veins because: (i) the latter often cut the whole xenolith, (ii) they contain Fe-rich and Cr-poor pinkish clinopyroxene, pure Ti-oxides and nepheline, and (iii) they usually produce Fe-rich rims on surrounding olivines. In contrast, the presumed in situ metasomatic aggregates contain greenish Cr-rich clinopyroxene and usually do not produce any effect on surrounding olivine. Figure 7 shows TiO2 wt% vs Fe3+ variations for spinel and Fe-Ti-oxides in various associations of ESLM xenoliths. Ferric iron was calculated by accepting that spinel represents solid solution between R2+R3+O4 and R2+R4+O4. Most spinels in metasomatic pockets display an increase in TiO2 that is not accompanied by substantial increase of Fe3+ concentrations, as seen for spinels that reacted with the host. Only a few pocket spinels show higher Fe3+ contents that can be related to shallow-level interaction between the host magma and spinel, which was not recognized texturally. In general, these metasomatic assemblages are texturally similar to xenolith-hosted secondary mineral associations usually attributed to mantle metasomatism (e.g. Ionov et al. 1994; Zinngrebbe & Foley 1995; Wullf-Pedersen et al. 1996 Ionov et al. 1999) . It is, however, highly possible that the observed textural relationships do not represent the original textures inherited from the mantle. Some aggregates in pockets could have formed due to decompressional or/and fluid-induced melting of earlier metasomatic phases followed by rapid crystallization of the melt. That is indicated by the occurrence of euhedral clinopyroxene and quench-like spinel crystals in some pockets. Decomposition of pre-existing metasomatic minerals is also suggested by the presence of phlogopite relicts in one sample. Given that all present metasomatic minerals are anhydrous, it can be concluded that this decomposition was an open-system process in which fluids released from phlogopite could leave the system. This implies that a metasomatic phase had formed in the lithosphere before the xenoliths were captured by basanitic magma. Textures of frozen reactions found in slightly deformed xenoliths further suggest that at least some metasomatic reactions occurred in situ in the ESLM. Puzzle-like disintegrated spinels with spongy/recrystallized Ti-rich rims found along sheared zones in such xenoliths indicate that infiltration of metasomatic melt was assisted by deformation. Evidence for similar magmatic processes related to localized deformation was reported from a xenolith from the Pannonian Basin (Falus et al. 2004) . It is highly unlikely that such textural relationships could originate after the xenolith capture. Post-entrapment deformation within xenoliths is related to thermal stress and release of internal fluids upon decompression and commonly gives rise to brittle cracking exclusively (Nicolas 1986 , Wilshire & Kirby 1989 , Klügel 1998 . Clinopyroxene-spinel-olivine symplectites are texturally similar to symplectites in the Horoman peridotite (Morishita & Arai 2003) . However, the symplectites in ESLM xenoliths lack orthopyroxene and cannot be attributed to garnet breakdown reactions (Smith 1977) . Zingrebbe & Foley (1995) mention conspicuous, millimetre sized symplectic intergrowths of clinopyroxene and spinel surrounded by thick margins of phlogopite in Gees xenoliths and they speculated that they may have formed after previous amphibole. To characterize the symplectites occurring in ESLM xenoliths we use the composition of clinopyroxene because this mineral shows relatively large compositional variations and occurs in a variety of textural assemblages. Major element compositional variations of texturally different clinopyroxenes are illustrated in Figure 8 . Regarding the symplectite-related clinopyroxene the following conclusions can be derived: (i) it is clearly compositionally different from clinopyroxene megacrysts and from those related to reactions with the host, (ii) it generally follows the compositional trends of clinopyroxenes believed to be melt/peridotite reaction products, and (iii) it is more similar in composition to small pocket clinopyroxene than to coarser clinopyroxene from fertile lherzolite and websterite xenoliths. Both symplectite clinopyroxene and clinopyroxene from metasomatic pockets have high Al2O3, TiO2 and Na2O contents, coupled with high Mg# and very high Cr2O3 contents. Similarities in trace element patterns of clinopyroxene from symplectites and those from overgrowths around orthopyroxene (Cvetković et al. 2007b) indicate that dissolution of orthopyroxene may have been involved in their genesis. The above characteristics suggest that metasomatic pockets and symplectites originated in a similar way involving interaction between mantle peridotite and infiltrating melts. In contrast to the reactions that produced fertile pyroxene-rich lithologies, these metasomatic processes were probably associated with a low melt/rock ratio. During low melt/rock ratio interactions MgO and Cr2O3 contents in clinopyroxene should be buffered by peridotite rather than by infiltrating melts. This can explain why clinopyroxenes from metasomatic pockets and symplectites have high metasomatic components (Al, Ti and Na2O), along with very high Mg#s that are comparable to those of interstitial residual clinopyroxene. The foregoing discussion offers textural and compositional evidence that the secondary assemblages found in ESLM xenoliths represent products of mantle metasomatism. Textural and mineral compositional characteristics indicate the role of the following reaction: opx + Cr-rich sp ±phlogopite + Si-undersaturated alkaline melt = Ti-Al-cpx + Ti-rich spinel ± olivine ± other minor phases. However, this reaction should be taken as oversimplification because it cannot account for all the observed textural assemblages. For instance, the presence of phlogopite relicts implies the role of preexisting metasomatic phases and their subsequent breakdown. There are, however, open questions as regards: (i) if metasomatic phases other than phlogopite had also been present and then entirely decomposed? (ii) was phlogopite (±other phases) related to a compositionally different metasomatic event, and (iii) when (and why?) exactly did breakdown reactions occur? Very high TiO2 contents found in phlogopite relicts (Cvetković et al. 2004 b) lend support to the conclusion that the mica was related to compositionally similar metasomatic agents. Amphibole can be a likely candidate to have been originally present together with phlogopite and this possibility is further discussed below. However, to constrain the exact time and cause of the breakdown reactions is very difficult, if not impossible. Generally, it could have occurred within the mantle due to thermal(± new infiltration) events subsequent to the main enrichment phase or it might have been related to post-entrainment decompression melting due to the fast uplift of host lavas. Consequently, a more general conclusion derived from this section is that the ESLM has undergone addition of a silica-undersaturated alkaline melt rich in Fe-Ti-Al, REE, HFSE and CO2 and H2O. Similar metasomatic evidence has been known from many xenolith suites and peridotite massifs and was also interpreted in terms of carbonate-rich alkaline silicate metasomatism (e.g. Harte 1987; Canil & Scarfe 1989; McGuire & Mukasa 1997; Wilshire 1987; Xu et al. 1996; Witt Eickschen & Kramm 1998; Delpech et al. 2004 , Rivalenti et al. 2004 .
Implications from the geochemistry of host basanites
Presented textural and mineral chemistry evidence suggests that prior to the onset of the Paleogene mafic alkaline magmatism the ESLM already contained metasomatized domains. If this is correct, it raises a logical question: could these metasomatized lithospheric regions have played any role in petrogenesis of the host basanites? In this section we try to demonstrate that this is a likely hypothesis, namely that the host lavas could have originated by melting of a mantle source containing metasomatic assemblages similar to those observed in xenoliths. We have used the following two-fold approach: (a) performing inversion modeling based on the whole-rock trace element data of basanites adopting the method of Cebria and Lopez-Ruiz (1996) for constraining the source composition and bulk partition coefficients of incompatible elements during the partial melting, and (b) inferring possible mineralogical characteristics of the source and comparing them to the observed mineralogy of metasomatic associations found in xenoliths. As mentioned above, for the modeling we used the Sokobanja basanites because their composition appears to be unaffected by fractionation and contamination processes and because they have the most uniform isotopic composition of all the East Serbian Paleogene alkaline rocks. The analyses used for modeling, general explanation of the procedure and the used equations are given in Appendix, while the step-by-step modeling procedure can be found in Cebria and Lopez-Ruiz (1996) . The results of the modeling are presented in Table 4 . The modeled source is enriched in highly and moderately incompatible elements (e.g. average estimates between ~35-40xchondrite for U-Th-Nb-Ta to around 2xchondrite for HREE). The trace element pattern of the source is compared to the pattern of the MORB source (Salters and Stracke, 2004) in Figure 9 . With respect to the MORB-source, the calculated source is more than two orders of magnitude enriched in concentrations of highly incompatible and two to one orders of magnitude in contents of highly to moderate incompatible elements. The concentrations in the range Dy-Lu are either very similar or slightly lower in comparison to the MORB-source. The results of the modeling imply that the primary magmas of Sokobanja basanites were not derived by melting of a homogeneous asthenospheric source, provided that it is MORB-like. Even extremely small degrees of partial melting (<<1 %) are not capable of producing the observed enrichment in most incompatible elements. Partial melting of deep mantle (plume) sources can be excluded as there is no geological evidence that mantle plume could have been related to the petrogenesis of East Serbian Paleogene alkaline rocks (e.g. Cvetković et al. 2004 a) . Cvetković et al. (2005) performed partial melting modeling using the approach of McKenzie and O'Nions (1995) . The model involving 5-10 % of melting of a garnet-and amphibole-bearing REE-enriched mantle (MORB-source enriched by 8% of melts formed by extraction of 0.3 % of fractional melting of the same source) could roughly reproduce the observed REE patterns, but still had difficulties to match the observed concentrations of La and Ce. Importantly, the model did not take into consideration Sr and HFSE contents, which are generally very high in alkali basalts. The modeling presented here has an advantage in determining not only the trace element concentrations in the source but also their bulk distribution coeffecients. These can be used as additional constraints on the source mineralogy. The estimated ranges of bulk partition coefficients for the source phases (D0) and for the phases entering the melt (PL) are also given in Table 4 . The obtained D0 values confirmed that La and Ce (D0 ~0.002) behaved most incompatibly during partial melting. This was inferred from co-variation diagrams and was used as a pre-assumption in the modeling (see Appendix). D0 values for Nd (~0.007) and Th (~0.009) suggest slightly more compatible behavior of these two elements. All other trace elements show D0 >0.02. P2O5 and Sr are least incompatible elements with average D0 values of 0.063 and 0.07, respectively. Among the incompatible elements only Ti behaved more compatibly but due to very poor correlation (r[La vs TiO2]~0.2) it was excluded from the modeling. K, Rb and Ba were also excluded from the modeling because of their near compatible behavior. This characteristic is observed in most alkaline provinces and was usually attributed to the presence of amphibole and/or phlogopite in the source (e.g. Wilson and Downes, 1991) . To infer possible source mineralogy of the host basanites we compared D0 values of the basanitic mantle source obtained by inversion modeling with the D0 values of mantle lithologies differing in their mineral composition using mineral-melt partition coefficients from literature. The results are illustrated in Figure 10 and mineral-melt partition coefficients used in calculations are given in Table 5 . Note that the mineralogy of unmetasomatized mantle (shaded area, shown in all diagrams) can roughly reproduce the D0 values obtained by inversion modeling for the REE (except for Sm, at certain extent) and for Y. On the other hand, there is strong discrepancy in D0 values for Th, U, Nb, Ta, Sr, P, Zr and Hf, which appear to be much more compatible in the source calculated by the modeling. Consequently, if a metasomatic assemblage was present in the source of Sokobanja basanites, which is indeed our hypothesis, it must be an association which can substantially increase D0 for the mentioned elements without affecting bulk partition coefficients for REEs. Amphibole524 bearing metasomatized mantle (with or without phlogopite) is characterized by very high REED0 but the D0 values for Nb, Ta, Sr and P are still too low (Figure 10b,c) . The presence of phlogopite alone is also unable to account for high D0 for Nb, Ta, Sr and P (Figure 10d ). The best fit with D0 of the calculated basanitic source was produced using anhydrous metasomatized mantle with small additions of metasomatic clinopyroxene and carbonate (~5 %) and with traces of ilmenite (~1 %) and apatite (~0.05 %) (Figure 10e ). The pattern of D0 values is almost completely matched along with still higher UDo and LREEDo (x0.5-x4) than in the mantle source calculated by the inversion technique. Note that any addition of phlogopite and especially amphibole will produce an increase in LREEDo and thereby a larger misfit with the pattern of the modeling. The presented modeling strongly depends on mineral-melt partition used and for some mineral/element pairs these values have a wide range or are poorly constrained, or both and for these reasons this should be taken as an indication rather than as a straightforward conclusion. However, the shown modeling strongly argues that the presence of minerals found in xenolith-related metasomatic associations is required. Hence, we may assume that the presence of carbonate and apatite in the source of host rocks is a robust hypothesis. In the absence of carbonate the calculated SrD0 of 0.073 can be matched only if relatively large proportions (>15 %vol) of amphibole are present. However, as shown above, this would make the middle rare-earth elements (Sm-Dy) four to five times more compatible than calculated. If we theoretically assume much lower REEDAmph we would potentially solve the problem of D0 values in the source. However, even if amphibole enters the melt totally, it cannot account for the SrPL>0.2 estimated by inversion calculations. On the other hand, because of their high KDSr, traces of carbonate and apatite in the mantle could account for the calculated low SrD0 and relatively high SrPL. This conclusion is in accordance with the observation that Mg548 bearing calcite and apatite are frequently found in metasomatic associations found in ESLM xenoliths (also Cvetković et al. 2007b) . Similar reasoning can be followed to infer the presence of Fe-Ti-oxides as repositories of Nb and Ta, whose estimated concentration in the source is >35xchondrite. Ilmenite is observed in many metasomatic associations in ESLM xenoliths and this mineral has high partition coefficients for Nb and Ta (e.g. Zack & Brumm 1998) . Hence, it can account for high Nb and Ta concentrations in the source and also for their relatively high partitioning into the melt.
Asthenosphere-lithosphere interaction: the order of events
The foregoing discussion implies that there is an agreement in mineral composition, at least qualitatively, between the observed secondary assemblages in the studied xenoliths with inferred metasomatic phases in the source of host magmas. We do not suggest that the metasomatized ESLM xenoliths represent the very source for host magmas. We propose that they may represent counterparts of similar metasomatic regions situated deeper in the lithosphere. In Figure 11 we offer a schematic two-phase model of metasomatic processes that might have occurred at the base of the ESLM. The first phase (Figure 11, A) involves percolation of CO2 and H2O-rich mafic alkaline melts and precipitation of primary metasomatic assemblages containing phlogopite and amphibole (Figure 11, A1) . The original presence of amphibole may be arbitrary because no amphibole is found in the studied xenoliths. In spite of this fact, amphibole is included in the model mainly because it was found in many other xenolith suites (e.g. Witt-Eickschen et al. 1998) and its role in the source processes of alkali basalts and basanites has already been reported by many studies (Jung et al. 1998 (Jung et al. , 2000 . The percolation/infiltration processes were most probably facilitated by local deformation and fault zones, along which textural assemblages characterized by rotated, disrupted and partially resorbed spinel grains formed (Figure 11, A2) . Simultaneously, small portions of the alkaline melt were trapped by wallrock peridotite and solidified as metasomatic symplectites (Figure 11, A3) . The second phase of the model is related to the uplift of hot asthenospheric mantle and this should have occurred at the very onset of the host basanitic magmatism. The asthenospheric uplift produced an increase of heat flow and caused a temperature rise at the base of the lithosphere. Before the uprise, convective mantle reached a critical level and gave rise to partial melting in the source region of basanites (hatched area), decompression and high temperature (along with infiltration of new metasomatic melts?) had caused breakdown of previously formed phlogopite and amphibole. The decomposition of the H2O-bearing phases left behind anhydrous metasomatic associations (Figure 11, B1 ), which are texturally and compositionally similar to the assemblages found in the ESLM xenoliths. However, it cannot be excluded that during the capture of xenoliths and shortly after, the metasomatic assemblages might have undergone a new episode of melting and subsequent quenching. This model uses a general idea of many studies which have linked intraplate alkaline magmatism to lithospheric mantle sources enriched by melts derived from sub-lithospheric convecting mantle at some time in the past (Stein & Hofmann 1992; Baker et al. 1998; Beccaluva et al., 2001; Bonadiman et al., 2001; Jung et al. 2005; Coltorti et al. 2004) . We have presented evidence of Nb-Ta enrichment in the ESLM and in agreement with Pilet et al. (2004) who attributed high Nb and Ta concentrations to short-term metasomatic events in the lithospheric mantle. The model also suggests that the host basanites probably originate from an anhydrous metasomatized peridotite source and that the phlogopite/amphibole signature in these rocks is due to a previous phase of dehydration which occurred prior to magmatism. Assuming an open system, it can be expected that after dehydration, the source was depleted in H2O, Rb and K with respect to other incompatible elements, especially HFSE. This scenario may be of significance for petrogenesis of at least some alkaline mafic rocks. Similar idea was very recently reported and modeled by Weinstein et al. (2006) on the example of Harrat As Shaam basanites in Israel.
Conclusions
Prior to the onset of the Paleogene mafic alkaline magmatism the East Serbian mantle was already metasomatized. The metasomatism produced domains that are represented by fertile xenoliths and small-scale metasomatic associations found in depleted xenoliths. The composition of the fertile xenoliths is modeled by addition of 5-20 wt% of a basanitic melt to a refractory mantle. The presented model suggests that this lithology could have originated by refertilization of residual mantle regions by relatively Fe-rich alkaline basaltic melts. The small-scale metasomatic associations comprise metasomatic phases crystallized in an open space, those formed due to simultaneous deformation events, and rare symplectitic assemblages. They all show similar mineral composition and imply the role of the following reaction: opx + Cr-rich sp ±phlogopite + Si-undersaturated alkaline melt = TiAl-cpx + Ti-rich spinel ± olivine ± other minor phases. There is an agreement in modal composition, at least qualitatively, between the observed secondary metasomatic assemblages in the studied xenoliths and the source of host magmas, the latter being inferred from inversion modeling. In this context, the host Sokobanja basanites probably originated from a peridotitic source, which contained metasomatic domains similar to those observed in xenoliths. The phlogopite/amphibole signature in these rocks is probably due to a dehydration phase due to further asthenospheric uplift which occurred prior to alkaline magmatism. 
APPENDIX Inversion modeling
This modeling is based on mathematical expressions which govern geochemical behaviour of trace elements during non-modal partial melting processes (Shaw, 1970) :
Where: In the studied suite of samples lanthanum is the most incompatible element. The values of the slope, intercept and correlation coefficient for La-element and slope and intercept for La-La/element diagrams are given in Appendix/Table 2. The graphical expression of relative incompatibility of the studied trace elements is given in Figure by a diagram displaying ratio of intercept on La-element vs slope on La-ratio diagrams (both recalculated on maximal concentrations) in which origin is La. Using the relation between intercepts on La-ratio diagrams for two elements suggested by Clague and Frey (1982) :
it was possible to calculate ratios of Ce/La, Ce/Nd, Ce/Th and Ce/Lu and ranges of La, Ce, Nd and Th concentrations, namely their minimal enrichment in the source. Because for the Equation (3) it was necessary to constrain P L j and P L k values the assumptions that (a) P L values for Ce, Nd and Th are negligible against 1, which is inferred above, and (b) that the source concentrations of Lu are in range of 2x-4xchondrite as suggested by McDonough & Frey (1989) . In addition, using the above constrained minimal concentrations of Ce in the source and the least enriched rock sample with La=54 ppm (to satisfy that D 0 <<F), maximum degree of partial melting was estimated of F>0.1, by the equation:
The calculation of C 0 , D 0 and P L values for La, Ce, Yb and Lu was performed using a best fit solution of a system of non-linear equations combining Equation (1) and (2) Table 2 ), (f): A BSE image of a rounded pocket with euhedral clinopyroxene and Al-rich spinel which are completely anclosed by Mg-bearing carbonate. Abbreviations: sp -spinel, ol -olivine, opx -orthopyroxene, cpx -clinopyroxene. The whole rock composition was recalculated using mineral chemistry and modal analyses (Cvetković et al. 2004 b) . (La Tourette et al. 1995) , U, Zr and Hf (Villemant et al. 1981) , Nb and Y (Chazot et al. 1996) and Ta (Green et al. 1993) ; D mineral/melt for phlogopite (Phl) from Fujimaki et al. (1984) except for Th and Nb (La Tourette et al. 1995) , U and Tb (Villemant et al. 1981) and for Ta, Sr and Y (Foley et al. 1996) ; D mineral/melt for ilmenite (Ilm) from Zack & Brumm (1998) except for P (Anderson & Greenland 1969) and for Zr and Hf (Fujimaki et al. 1984) ; The values for D mineral/melt for calcite (cc) are considered too low for all elements except for Sr which is considered to be unity (e.g. Ionov & Harmer 2002) ; D mineral/melt for apatite (Ap) from Paster et al. (1974) except for Th, U (average values from Luhr et al. 1984; Bea et al. 1994; Mahood & Stimac 1990) , Sr, Dy and Lu (Watson & Green 1981) , Zr, Hf and Er (Fujimaki 1986 ) and for P for which D mineral/melt was calculated on the basis of P 2 O 5 concentrations in apatite from ESLM xenoliths and in host basanites. Missing D mineral/melt values are considered not important for the calculations because of low element partition into given minerals.
